SUMMARY Late hospital phase ventricular arrhythmias in acute myocardial infarction (MI) have been associated with a high incidence of sudden death following hospital discharge. Thirty-eight patients were studied 10-24 days following onset of symptoms of MI. Each patient had a 24-hour ambulatory ECG tape recording and left ventricular and coronary angiography performed. Patients with complicated ventricular arrhythmias (multiform, coupled, R on T VPCs or ventricular tachycardia), when compared to those with uncomplicated ventricular arrhythmias (unifocal or no VPCs), had a greater number of proximally narrowed major coronary arteries VENTRICULAR ARRHYTHMIAS in the late hospital phase of an acute myocardial infarction have been associated with a poor prognosis and a high incidence of subsequent sudden cardiac death." 2 These arrhythmias have been relatively refractory to pharmacologic therapy and suppression, when achieved, has been associated with a high incidence of drug side effects.'-' While late hospital phase ventricular irritability following myocardial infarction (MI) has been correlated with left ventricular dysfunction, large infarct size, location of infarct by electrocardiography (ECG), development of intraventricular conduction defects, and ST-segment abnormalities on ECG,'-" no relationship has been detected between the development of these arrhythmias and age or sex of patients, type of MI (transmural vs subendocardial), presence of early hospital phase ventricular arrhythmias, and drug therapy at the time of arrhythmia monitoring.2 2 66
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The present study was undertaken to determine whether there is a correlation between the location and severity of coronary artery obstruction and extent of abnormal segmental left ventricular wall motion and the prevalence of serious ventricular arrhythmias in the late hospital phase of acute myocardial infarction.
Methods
Between September 1974 and October 1975 all patients admitted to the Coronary Care Unit of our hospital with subsequently documented acute myocardial infarction (MI) were considered for inclusion in this study. A diagnosis of (P < 0.001), a higher coronary "score" (P < 0.001), a greater incidence of previous myocardial infarction (P < 0.005), a greater percentage of abnormal left ventricular segments 86% vs 69% (P < 0.001) and lower ejection fractions. These data suggest that late hospital phase survivors of Ml with complicated ventricular arrhythmias have more extensive coronary artery disease with greater left ventricular dysfunction than survivors with uncomplicated ventricular arrhythmias. This more extensive disease may result in increased areas of ischemic myocardium and may help explain the refrac' toriness of these arrhythmias to pharmacologic therapy.
acute myocardial infarction was made in each patient on the basis of a typical history of chest pain, serial ECG changes, and serial cardiac enzyme elevations. For the purpose of this study all three criteria were required. ECG changes in leads I, aVL, V,-V6 were considered to represent anterior MI, those in leads II, III, aVF were considered to represent inferior MI. Development of Q waves of 40 msec duration was considered characteristic of transmural MI. Absence of 40 msec Q waves, but presence of serial ST-T wave changes, was considered characteristic of subendocardial MI. Blood was obtained for creatine phosphokinase (CPK) measurement on admission and every four hours thereafter for 48 hours. Peak CPK was used as an estimation of myocardial damage for each patient as previously described. 9 Patients greater than 65 years of age, with life threatening illness other than coronary heart disease, with ventricular septal rupture or severe papillary muscle dysfunction uncontrolled with medical therapy, or with primary physicians who preferred that their patients not undergo cardiac catheterization prior to hospital discharge, were excluded from the study population.
There were 98 patients with a mean age of 52 years who met the above criteria from an original group of 154 Coronary artery anatomy was similarly reviewed by at least two authors. Each patient was considered to have three major coronary arteries (right, left anterior descending, and left circumflex). The severity of obstructive disease in a coronary artery narrowing was described as (a) 100% (total), (b) greater than 90% and less than 100% (near total), (c) greater than 50% and less than or equal to 90%, (d) greater than or equal to 30% and less than or equal to 50%, or (e) less than 30%. The location of each recognized coronary narrowing was defined according to the 15 segment classification recommended by a committee of the American Heart Association ( fig. 2 )." Only the most severe narrowing in each coronary segment was recorded. A narrowing of greater than 50% was considered to be hemodynamically significant. A patient was considered to have single, double, or triple vessel coronary artery disease depending on whether one, two, or all three major coronary arteries were narrowed by more than 50%. In this group of 38 patients there were two patients in whom the main left coronary artery was narrowed by greater than 50%; we considered this to represent narrowing of both the left anterior descending and the left circumflex coronary arteries.
Three additional interpretations of the coronary angiogram were performed. A coronary arterial "score" was determined for each patient according to the method previously described by Friesinger et al. '4 This method scores each of the three major coronary arteries on a scale of 0 to S as follows: 0 -no abnormalities seen on selective coronary angiography; 1 -a trivial irregularity of the coronary artery lumen; 2 -localized narrowing of > 75% but < 90% of cross sectional area; 3 -multiple narrowings of > 50% but < 90% in the same vessel; 4 -narrowing of > 90% but not total obstruction; 5 -total obstruction of any coronary vessel. The score of all three arteries is then added to obtain a score for the coronary angiogram. In general, a score of 0-4 represents single vessel disease, 5-9 represents double vessel disease, and 10-15 represents triple vessel disease. Patients were also classified according to whether they had proximal coronary artery disease. For purposes of this study, proximal disease was the presence of a narrowing greater than 50% in segments 1, 2, 5, 6 and I and the initial third of segments 7 and 12 ( fig. 2 ). Finally, a narrowed artery was considered suitable for bypass graft surgery if it fulfilled the following criteria: (a) a narrowing greater than 50% was present in a proximal coronary artery segment, (b) RCA ( Table 2 shows the total number of hypokinetic, akinetic, dyskinetic, and normal segments in the left ventriculograms of patients in groups I and II. Of 169 segments visualized adequately in the 23 group I patients, 52 were normal. Of 110 segments visualized adequately in the 15 group II patients only 15 were normal (P = 0.001). Group I patients had a mean EF of 52 ± 3 while group II patients had a mean EF of 45 ± 4. This trend toward lower EF in group II patients was not significant at the 0.05 level.
IV. Coronary Arteriography Table 3 depicts the prevalence of single, double and triple vessel proximal coronary artery disease in the patients in group I and group II. All 14 patients with single vessel disease were in group I (P < 0.01) and 10 of the 14 patients with triple vessel disease were in group II. Patients in group II had significantly more diseased vessels than patients in group I, 2.7 ± 0.1 vs 1.6 ± 0.2 (P < 0.001).
Using the scoring system for coronary artery disease as previously described by Friesinger et al.,'4 patients in group II had a significantly greater extent of coronary disease than patients in group I, coronary score 10.1 + 0.7 vs 6.3 ± 0.6 (P < 0.001).
Of the 69 arteries evaluated in the 23 patients in group I, 18 (26%) had a proximal obstruction judged to be total or near total (> 90%). Of the 45 arteries in the 15 patients in group II, 16 (36%) had a total or near total proximal obstruction.
Fourteen of the 15 patients in group II had at least one coronary vessel judged suitable for bypass grafting by the criteria outlined previously. Since the patients in group II were older and had a higher incidence of previous myocardial infarction than those in group I, the data were subjected to regression, stepwise discriminant function analysis, and analysis of covariance. Regression analysis for age vs coronary artery score and age vs the number of abnormal ventricular segments failed to reveal a significant relationship between age and either coronary score or the number of abnormal ventricular segments. In spite of this we corrected for age by analysis of covariance and analyzed the data for coronary artery score. There was still a significant difference (P = 0.001) between group I and group II in coronary artery score. Stepwise discriminant function analysis revealed that age was only an insignificant factor in separating groups I and II. The most important factor proved to be a history of previous myocardial infarction, a factor which would tend to reflect both abnormal ventricular function and extent of coronary artery disease. The factor indicative of acute myocardial damage, peak CPK release, was insignificant in comparison to the number of abnormal ventricular segments found at left ventricular angiography, possibly reflecting the fact that the number of abnormal ventricular segments is a reflection of both old and acute myocardial damage whereas peak CPK release reflects only acute damage. Abnormal ventricular angiography proved to be the second most important variable in separating groups I and II. The next two variables which added to the discrimination between groups I and II in order of importance were the number of vessels with > 50% narrowing and the prevalence of transmural vs nontransmural infarction.
Discussion
While the prevalence of ventricular arrhythmias has been stated to be related to the extent of coronary artery disease in patients with angina pectoris,'8 this study documents for the first time the nature and extent of coronary artery disease in patients with complicated ventricular arrhythmias in the late hospital phase of acute MI. Complicated ventricular arrhythmias seem clearly linked to extensive coronary artery disease. When compared to -patients with uncomplicated ventricular arrhythmias, patients with complicated ventricular arrhythmias had a higher mean coronary score, a higher mean number of diseased coronary arteries, and an increase in the number of total or near total narrowed proximal coronary arteries. There was a greater prevalence of triple vessel disease and no single vessel disease in the patients with complicated ventricular arrhythmias. By contrast 15 of the patients with uncomplicated ventricular arrhythmias (61%) had single vessel coronary artery disease.
In addition, there was a significant increase in LV wall motion abnormalities in the group of patients with complicated ventricular arrhythmias (group II) compared to the group with uncomplicated ventricular arrhythmias (group I). The greater extent of wall motion abnormality is probably a result of more extensive coronary artery disease and a greater number of previous infarcts in group II compared to group I.
Total myocardial damage as reflected by the number of abnormal ventricular segments at angiography appears to be a more important factor in separating patients with complicated from uncomplicated ventricular arrhythmias than the amount of peak CPK release. The importance of the extent of myocardial damage for the development of complicated ventricular arrhythmias was emphasized by stepwise discriminant function analysis which revealed previous myocardial infarction to be Complicated late hospital phase ventricular arrhythmias following myocardial infarction have been associated with an increased incidence of sudden death following hospital discharge. ' 2 While suppression of these arrhythmias following infarction presumably should improve prognosis, they have proven to be relatively refractory to presently available antiarrhythmic drugs and suppression, when accomplished, is often associated with a high incidence of drug toxicity. [2] [3] [4] [5] The refractoriness of these arrhythmias may well be related to the presence of extensive coronary arterial disease and multiple areas of abnormal left ventricular wall motion which may represent ischemic or infarcted myocardium.
Previous studies from our institution suggest that group II patients have a one year survival < 50% despite standard antiarrhythmic therapy.' It is of interest to compare the catheterization data of our group II patients with another high risk group, the survivors of out-of-hospital ventricular fibrillation reported by Weaver et al. 22 Eighty-one percent of their patients had significant coronary artery narrowing on angiography and 84% some abnormality of left ventricular function. In those with recurrent ventricular fibrillation there was a high incidence of triple vessel disease (93%) and low left ventricular ejection fractions. These findings are similar to those in group II in the present study, although the comparison is not entirely valid since our patients were all post myocardial infarction at the time of study and had not had an episode of ventricular fibrillation following transfer from the coronary care unit, although presumably they were at an increased risk to do so subsequently. The implications of the findings in the present study and that of Weaver et al. 22 for future therapy must await further confirmation on a larger number of patients. It should be noted, however, that all but one of the patients in group II in the present study and all of the patients with recurrent ventricular fibrillation in the study by Weaver et al. 22 had at least one coronary vessel suitable for coronary bypass graft surgery. Should medical therapy prove inadequate in these patients, despite the use of beta adrenergic blocking agents as suggested by the findings of Wilhelmsson et al.,24 surgery,25 aneurysmectomy and/or coronary artery bypass grafting might be considered in these patients with a known propensity for sudden death.
